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This study was conducted to provide Grenada, Mississippi an assessment of the 
groundwater resources available for use from the Meridian-upper Wilcox Aquifer 
(MUWX). Public, private, industrial, and agricultural wells; springs; streams; and surface 
water bodies all exist within the study area.  
Groundwater data were collected from state and federal agencies. This data was 
used in determining the aquifer’s characteristics. The location of a large reservoir in the 
recharge area was essential in determining the aquifer recharge potential. Location of 
wells down-dip from the recharge area was essential in determining aquifer discharge 
capabilities aquifer.   
This study proved that there is a direct relationship between the current use of the 
MUWX aquifer in the study area and the ability of the aquifer to recharge sufficiently. In 
addition, this study proved that the MUWX aquifer would support a large industrial 
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This study was conducted to provide Grenada, Mississippi (study area) an 
accurate assessment of the current groundwater resources available for use. This was 
accomplished by developing a comprehensive groundwater model of the Meridian-upper 
Wilcox Aquifer (MUWX). The MUWX aquifer is the most prolific aquifer in the study 
area. Grenada relies heavily on the MUWX aquifer for public, private, industrial, and 
agricultural groundwater supplies. The model simulates aquifer response to additional 
development, as well as an increase in rainfall over the years, which allowed for the 
assessment of available resources. This study was based on well data that was collected 
from the United States Geological Survey (USGS), the Mississippi Department of 
Environmental Quality (MDEQ), Climate Data Central, the Mississippi Automated 
Resources Information System (MARIS), and the United States Army Corp of Engineers 
(USACE). Previous investigations proved useful in providing relevant information. The 
types of data that were collected for this study include; well schedules, drillers logs, 
electric logs, pumping rates, geologic maps, physiographic maps, topographic maps, 
rainfall, lake stages, and Geographic Information Systems (GIS) data files. A summary of 
the well data that was collected can be seen in Appendix A. 





Location, climate, physiography, geology, and hydrogeology (aquifer recharge, 
aquifer flow, and aquifer discharge conditions) are all variables that affect the availability 
of groundwater resources in the study area. Grenada is located in North Central 
Mississippi, along Interstate 55 approximately 100 miles north of Jackson, Mississippi 
and approximately 90 miles south of Memphis, Tennessee (Figure 1). Grenada has a sub-
tropical climate, with an average temperature of about 60° Fahrenheit and an average 
rainfall of about 66 inches (NOAA, 1990). Three distinct physiographic regions exist in 
the study area; the North Central Hills, the Loess Bluff Hills, and the Mississippi Alluvial 
Plain “The Delta” as seen in Figure 2. Grenada lies on the eastern slope of the Mississippi 
Embayment, and has surface exposures of parts of the Wilcox and Claiborne Groups 
(Figure 3). The outcrops of the upper Wilcox and Claiborne Groups in the study area 
allow for direct recharge into their respective aquifers, as seen in Figure 4. Grenada lies 
within the Yalobusha River Basin, which is a smaller part of the Yazoo River Basin 
(Figure 5). Grenada Lake was constructed in the northeastern part of the county as a flood 
control reservoir on the Yalobusha River by the USACE. Construction of the lake was 
completed in 1954. 




Figure 1 Map of Mississippi (data from MARIS, 2005). 




Figure 2 Mississippi Physiography (data from MARIS, 2005). 














































Figure 4 Mississippi Geology (data from MARIS, 2005). 




Figure 5 Mississippi Surface Water (data from MARIS, 2005). 




Grenada is centered on the intersection of Highway 8 and Highway 51, with the 
intersection of Interstate 55 and Highway 8 located approximately 5 miles to the west 
(Figure 6). The City of Grenada was incorporated in February 1836, and Grenada County 
was formed as an act of legislature in May 1879. The population of Grenada has shown 
an increase since its incorporation in 1836. The United States Department of Commerce 
(USDC) reported a total population of 21,100 in 1980, that grew to 21,600 in 1990, and 
to 22,600 in 2000 (USDC, 2000). Increase in population alone creates an added demand 
on the groundwater supplies. Due to the close proximity of an interstate, an active 
railroad, an adequate airport, and the availability of land zoned for commercial 
development, Grenada would provide an ideal location for a large industrial complex, 
similar to the Nissan Plant in Canton, Mississippi. Should a large industrial development 
occur in Grenada, an added stress of approximately 3 million gallons per day (Nissan 
Plant water requirements per MDEQ) would be placed on the available groundwater 
resources from the MUWX aquifer. 
































Grenada has a sub-tropical climate, with an average temperature of 64° 
Fahrenheit. The study area receives an annual rainfall of 66 inches (NOAA, 1990). 
Rainfall occurs throughout the year in the study area, but varies depending on the season. 
Winter receives an average rainfall of 22 inches, Spring receives an average rainfall of 19 
inches, Summer receives an average rainfall of 14 inches, and Fall receives an average  
rainfall of 11 inches. This results in Spring being the wettest season and Fall being the 
driest season. NOAA (1990) characterizes a sub-tropical climate by long, hot summers; 
relatively mild winters with less than one week of below freezing temperatures; and fairly 
constant rainfall throughout the year. On average 16 to 20 inches of rainfall are lost to 
run-off and evapotranspiration annually (Newcombe and Bettandorf, 1973). Average 
annual rainfall for the study area has shown a linear increase of approximately 0.1 foot 
over the last seventy-five years, as seen on Table 1 and represented graphically on Figure 
7. Monthly rainfall for Grenada can be seen in Appendix B. The increase in rainfall 
provides more water for recharge into the exposed aquifers. 
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Table 1 Grenada Annual Rainfall (data from CLIMATEDATA CENTRAL, 2005). 
GRENADA MISSISSIPPI ANNUAL RAINFALL 











1930 3.60 0.30 1955 3.93 0.33 1981 3.18 0.27 
1931 3.81 0.32 1956 4.07 0.34 1982 6.53 0.54 
1932 6.17 0.51 1957 6.08 0.51 1983 6.33 0.53 
1933 4.13 0.34 1958 5.13 0.43 1984 3.97 0.33 
1934 3.96 0.33 1959 5.20 0.43 1985 4.40 0.37 
1935 3.17 0.35 1960 3.67 0.31 1986 4.04 0.34 
1936 3.20 0.27 1961 6.47 0.54 1987 3.84 0.32 
1937 3.98 0.33 1962 4.42 0.37 1988 3.41 0.28 
1938 2.60 0.29 1963 3.73 0.34 1989 1.62 0.54 
1939 2.01 0.22 1965 2.97 0.25 1990 1.27 0.63 
1940 4.70 0.39 1966 3.51 0.29 1991 6.58 0.55 
1941 4.30 0.36 1967 4.09 0.34 1992 3.87 0.32 
1942 3.55 0.30 1968 4.88 0.41 1993 3.72 0.31 
1943 2.63 0.22 1969 4.31 0.36 1994 6.13 0.51 
1944 5.57 0.46 1970 4.75 0.40 1995 5.05 0.42 
1945 5.01 0.42 1971 4.10 0.34 1996 5.20 0.43 
1946 4.89 0.41 1972 4.92 0.41 1997 5.62 0.47 
1947 4.31 0.36 1973 6.37 0.58 1998 4.75 0.40 
1948 5.57 0.46 1974 6.33 0.53 1999 3.80 0.32 
1949 5.24 0.44 1975 5.41 0.49 2000 4.03 0.37 
1950 4.91 0.41 1976 4.11 0.34 2001 6.06 0.50 
1951 4.70 0.39 1977 5.51 0.46 2002 6.27 0.52 
1952 2.93 0.24 1978 4.18 0.35 2003 5.21 0.43 
1953 4.27 0.36 1979 5.71 0.48 2004 6.56 0.55 
1954 3.96 0.33 1980 5.21 0.43    
 










































Three different physiographic regions occur in Grenada; the North Central Hills, 
the Loess Bluff Hills, and the Mississippi Alluvial Plain as seen in Figure 8. These 
regions vary in topography and appearance, which creates the unique conditions for 
recharge into the MUWX aquifer. The North Central Hills trend north to south through 
the eastern part of the county. They consist of rolling hills and bottom lands. Although 
they have an overall relief of about 450 feet, the local relief is only about 250 feet as seen 
in Figure 9. This region is characterized by broad ridges, gentle slopes, and wide valleys. 
The MUWX aquifer outcrops in this part of the study area. The broad ridges and gentle 
slopes allow rainfall to run-off slowly, which increases the ability to infiltrate the aquifer. 
The wide valleys slow the run-off even more, which greatly increases the opportunity for 
infiltration into the aquifer. 
The Loess Bluff Hills trend north to south through the central part of the county 
and divide the eastern and western physiographic regions. This region is characterized by  
narrow ridges, steep slopes, and narrow valleys. The slopes have been highly eroded and 
dissected by rainfall runoff. The local relief is about 150 feet, also seen in Figure 9. The 
narrow ridges, steep slopes, and narrow valleys allow rainfall to run-off more quickly 
with little chance for recharge in this region. The aquifers that outcrop in this region are 
minor and of little importance to the study area for groundwater supplies, as they are 
relatively thin. 
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The Mississippi Alluvial Plain trends north to south through the western part of 
the county. This area is better known as “The Delta”. This region is a flat, low sloping 
plain that tilts toward the west, seen in Figure 9. This low sloping plain allows for a large 
amount of recharge to the Mississippi Alluvial Aquifer, but this aquifer is not of any 
importance to the study area due to its location and stratigraphic relationship. 



































































Grenada lies on the eastern slope of the Mississippi Embayment. This embayment 
is a broad inland expanse of the Gulf Coastal Plain. The embayment is a large syncline 
with its axis and direction along the present day Mississippi River (Figures 3 & 10). The 
syncline has continuously been filled with gravel, sand, silt, clay, shale, chalk, limestone, 
and lignite. These deposits are a direct result of sea level transgression and regression. 
The sediments can be up to thousands of feet thick. The Wilcox and Claiborne Groups, in 
ascending order, are present at the surface in the study area. Five different geologic 
formations occur within Grenada, Mississippi (Figure 4). 
The two geologic units in Grenada that were investigated in this study are the 
Meridian Sand and the upper Wilcox. These units are considered to be separate geologic 
units because of the differences in their characteristics, but are considered to be one 
aquifer, due to the lack of an extensive confining layer between them, as seen in Figure 
10. 
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The Wilcox Group is one of the most heterogeneous groups within Mississippi, in 
both lithology and structure (Vestal, 1952). The Wilcox is compromised of sand, silt, 
clay, and shale that are usually lignitic, lenticular, and irregular. The Wilcox varies in 
thickness from approximately 500 to 2,500 feet. The lithologic diversity of the Wilcox is 
due to the inter-mingling of the materials that are present, not different rock types, which 
is usually the cause of heterogeneous lithology. It could truly be said that in the Wilcox 
Group, no sand is free of silt, clay, or both; no silt is free of sand, clay, or both; and no 
clay is free of silt, sand, or both (Vestal, 1952). The Wilcox has complex structural 
features and relationships. Some outcrops in Webster County, southeast of Grenada, 
show signs of irregular structures, like clay and silt bodies of various shapes and sizes 
hap-hazardly oriented in a sand matrix. Other common structures found in outcrops are 
cross-bedding, lamination in various directions, undulatory-bedding, and sinuosities of all 
sorts. Vestal (1952) stated, “in a word, it seems that units, large and small, of sand, silt, 
clay, lignite, iron ore, and mixtures of all these materials are inter-tongued, inter-lensed, 
inter-wedged, inter-woven in a complex pattern, which does not conform to any normal 
stratigraphic pattern. Due to this complexity, many think of the Wilcox as 
undifferentiated, or without divisions.” Locally the upper Wilcox is approximately 100 
feet thick 
The Meridian Sand member (Claiborne Group) overlies the Wilcox, and is a 
massive to cross-bedded, fine to coarse, micaceous sand that ranges in thickness from 
approximately 50 to 250 feet. Locally the Meridian Sand member is approximately 70 
feet thick. Outcrops in Yalobusha County, northeast of Grenada, are predominately 
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sandy, coarse grained, micaceous, and contain various clay balls and clay breccia. Turner 
(1952) felt, “That one of the outstanding characteristics of the Meridian Sand is the 
sharply defined fluvial-type bedding.” Although most exposures reveal a series of 
bedding plains that are parallel or sub-parallel with each other, they may be horizontal or 
dip at low or high angles. The Meridian Sand was deposited under deltaic type 
conditions. This is the bottom member of the Claiborne Group. However, some 
professionals believe the Meridian Sand is a part of the upper Wilcox, the Basic City 
Shale, or both.  
The Neshoba Sand and Basic City Shale (Tallahatta Formation) lie directly over 
the Meridian Sand. All three are part of the Claiborne Group. The Neshoba Sand and 
Basic City Shale range in thickness from approximately 170 to 400 feet. They contain 
beds of fine to coarse micaceous sand that is interbedded with clay and shale that is 
locally glauconitic (Wasson, 1965). The Basic City Shale unit is composed mainly of 
shale and silt-stone, which provide an impermeable layer. Thin to moderately thick sand 
strata occur locally in this unit. Locally the Basic City Shale is approximately 120 feet 
thick. The Neshoba Sand member in most areas contains some shale beds (Wasson, 
1965). Fine to medium sand is present in this unit. The sand that occurs in both the Basic 
City Shale and Neshoba Sand is similar, which makes distinguishing the two members 
difficult. Locally the Neshoba Sand is approximately 60 feet thick. 




Taylor and Arthur (1989) stated, “That in much of the area of occurrence of the 
Wilcox Group in Mississippi, numerous beds of sand occur in the interval between the 
lower Wilcox and the Meridian-upper Wilcox Aquifers”. The Wilcox Aquifer is mainly 
of local importance. The sand beds are considered to collectively function as a hydraulic 
unit over an area of several thousand square miles (Hoffmann and Warner, 2000). The 
degree of hydraulic separation between the aquifers of the Wilcox Group is highly 
variable from one to another, making it difficult to define the boundaries between the 
three aquifers. Taylor and Arthur (1989) reported, “That the aquifer was a source of water 
for about 38 public supply systems and 7 large industries by 1985. At that time, the 
largest reported withdrawals from the middle Wilcox Aquifer were 5.2 million gallons 
per day in Grenada County, principally for industry and irrigation.” 
The Meridian-upper Wilcox Aquifer is composed of the Meridian Sand Member 
of the Tallahatta Formation and discontinuous, hydraulically connected sand beds in the 
Hatchetigbee Formation in the upper part of the Wilcox Group (Boswell, 1976). 
Although the Meridian Sand and the upper Wilcox are separate geologic units, they 
combine to form the aquifer that Grenada uses for public water supply as seen in Figure 
10. They are thought of as one aquifer since there is little evidence of a confining layer 
between the two units in driller’s logs, and there is no distinguishable boundary between 
the two units on electric logs. The Meridian-upper Wilcox Aquifer is the source of water 
for many public and industrial water supplies and for many domestic and farm wells in 
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37 counties in northern and central Mississippi (Hoffmann and Gregory, 2000). 
Stephenson, Logan and Waring (1928) reported, “That during the nineteenth century, 
springs and shallow wells supplied water for domestic and farm supplies in or 
immediately down-dip from the recharge area of the aquifer in which the Meridian Sand 
and the upper part of the Wilcox outcrops in Benton, Marshall, Lafayette, Yalobusha, 
Grenada, Montgomery, Choctaw, Attalla, Winston, Neshoba, Newton, Lauderdale, and 
Clarke Counties.” Later wells were drilled down-dip in the deeper aquifer regions. The 
aquifer was heavily developed from the 1930’s to the 1960’s. In 1980, the USGS 
estimated that total withdrawals of water from the Meridian-upper Wilcox Aquifer were 
49 million gallons per day (Hoffmann and Gregory, 2000). Several wells in this aquifer 
flow under artesian conditions, but water levels have dropped over the years. One such 
well was completed at Holcomb in western Grenada County in 1903, and was drilled to a 
depth of 350 feet below land surface.  
The Neshoba Sand is used more for domestic water supplies, than for public and 
industrial water supplies. This is due in part to the thinness of the sand beds. All or part of 
10 municipal water supplies in the region come from the Neshoba Sand, with 
approximately 3 million gallons per day for public and industrial use.              
Recharge, Flow, and Discharge Conditions 
Precipitation directly affects the discharge of streams and the elevation of the 
groundwater table. In late winter, spring, and early summer, following heavy 
precipitation, the streams in the study area have above-average flows and water-table 
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wells have higher than average water levels. In late summer and fall both stream flow and 
the water-table are generally below their yearly averages (Wasson, 1965). Precipitation 
on the study area has increased from an average of about 0.35 feet per year in 1930 to an 
average of about 0.45 feet per year in the 2000 as seen in Table 1 and represented 
graphically in Figure 7. 
This increase in precipitation is also evident when looking at the average annual 
stage for Grenada Lake over the last fifty years, which can be seen on Table 2 and 
represented graphically in Figure 11. This increase results in higher stream flow and 
water-table elevations. Monthly stages for Grenada Lake can be seen in Appendix C.  
Recharge occurs along the permeable sands of the MUWX aquifer that are 
exposed in the outcrop belt. Water levels near the outcrop area are influenced by 
topography. This outcrop belt occurs in the area of the North Central Hills, which is 
characterized by broad ridges, gentle slopes, and wide valleys. Thus, rainfall has a chance 
to infiltrate the sands of the aquifer, since run-off occurs more slowly on areas of 
relatively low slope. Some rainfall doesn’t infiltrate, but a majority of this run-off flows 
into streams within the Yalobusha River Basin along the eastern portion of the county. 
This run-off is then allowed to build up in Grenada Lake, which in turn allows another 
chance for it to infiltrate the sands of the aquifer. 
The Yalobusha River, which is one of four tributaries of the Yazoo River flows 
through the northern portion of Grenada, Mississippi. The river is regulated by a large 
flood-control reservoir (Grenada Lake). Grenada Lake occupies the northeast portion of 
the study area. Grenada Lake was developed by the United States Army Corps of  
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Engineers (USACE) in the 1950’s as a flood control reservoir to help prevent flooding 
downstream in the “Delta”. Grenada Lake’s average annual stage is approximately 209 
feet above sea level. Grenada Lake’s average monthly stage can be seen in Appendix D. 
At this stage the lake covers approximately 36,000 acres and has approximately 148 
miles of shore line. Grenada Lake is directly underlain by the sands of the MUWX 
aquifer, which results in an additional source of recharge for the aquifer throughout most 
of the year also seen in Figure 12. 
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Table 2 Grenada Lake Stage (data from USACE, 2005). 
GRENADA LAKE AVERAGE ANNUAL STAGE 
Year Stage (ft msl) Year Stage (ft msl) Year Stage (ft msl) 
1954 193.94 1972 210.00 1989 218.72 
1955 206.75 1973 222.00 1990 210.14 
1956 203.94 1974 216.90 1991 219.41 
1957 209.35 1975 216.48 1992 202.71 
1958 208.01 1976 209.47 1993 205.64 
1959 201.28 1977 211.06 1994 211.50 
1960 205.53 1978 210.99 1995 208.01 
1961 210.71 1979 218.67 1996 206.71 
1962 214.40 1980 216.23 1997 212.50 
1963 202.26 1981 201.27 1998 207.08 
1964 209.46 1982 209.59 1999 208.67 
1965 203.77 1983 225.28 2000 206.65 
1966 202.96 1984 212.64 2001 210.11 
1967 200.97 1985 202.22 2002 217.37 
1968 214.75 1986 204.74 2003 211.03 
1969 210.87 1987 206.07 2004 210.19 
1970 213.90 1988 201.51 2005 211.53 
1971 213.45     





































































Several studies have been conducted on the aquifers of the Wilcox Group and the 
Meridian Sand, no site specific groundwater models have been completed for the study 
area. The State of Mississippi, Board of Water Commissioners Bulletin 65-2, Source and 
Development of Public and Industrial Water Supplies in Northwestern Mississippi, 
provided useful information on the geology, hydrogeology, and physiography of the 
study area (Wasson, 1965). The MDEQ provided potentiometric maps of the lower 
Wilcox, middle Wilcox, and Meridian Sand-upper Wilcox. They had completed two 
series that date 1990-1992 and 1993-1995. These studies have been very useful in that 
they provide information on aquifer development, groundwater use, and groundwater 
levels in wells for the Wilcox Group and Meridian Sand Member on a regional scale. In 
1973, Newcombe and Bettandorf released a study on water resources for industrial use, 
which included Grenada and seven surrounding counties. Both the USGS and MDEQ had 
data such as driller’s logs, electric logs, and groundwater levels on a majority of the wells 
that are within Grenada. This data was useful in this research, and can be seen in 




STATEMENT OF PROBLEM 
Prior to this study, no detailed groundwater model had been built to analyze the 
availability of groundwater resources for the study area. Inventory, combined with 
exploration, development, and management are the four necessary stages of groundwater 
utilization (Domenico and Schwartz, 1990). Public use of the groundwater from the 
MUWX aquifer has been sufficient to date. The problem lies within the future potential 
of the aquifer to support a large industrial complex, and a population increase due to the 
relocation of the industry’s employees. Should the previously mentioned situation arise, 
an added demand will be placed on the aquifer. Therefore, the availability of groundwater 
resources for the MUWX aquifer needs to be quantified.     
Objectives 
The objective of this study was to determine if the MUWX aquifer will provide 
sufficient groundwater resources for Grenada in the future. The study will provide useful 
information to appropriate planners and engineers about the availability of the 
groundwater resources, the location of future production wells, and the amount of 




In addition to data available on the public water supply systems in Grenada, data 
on industrial and private water systems was collected in order to provide the most 
accurate hydrologic framework of the MUWX for the study area. Historical groundwater 
data collected serves as a baseline for calibration of the groundwater model. The 
modeling effort had the following objectives: 
• establish the stratigraphic relations of the geologic units in the study area;  
• establish the relationships of the aquifer and any overlying aquitards; 
• establish overall groundwater resources available;  
• establish proper locations for future production wells; 
• establish water level changes from increased development; 
• establish pumping rates for future wells. 
Proper modeling techniques were applied to the groundwater model using 
available groundwater data such as: annual rainfall, infiltration rates, evapo-transpiration, 
hydraulic conductivity, water levels, and pumping rates. This model successfully 
predicted that water resources are available for future development within the MUWX 




METHODS OF INVESTIGATION 
All available historical groundwater data (i.e., well location, well elevation, water 
levels, pump test, well schedules, driller’s logs, electric logs, screened intervals, and well 
casing information) were collected for as many wells as possible. This data was collected 
from the USGS and MDEQ. GIS data files such as, surface geology, physiography, well 
locations, water bodies, rivers, intermittent and perennial streams, state and county 
boundaries, major and secondary roads, hydrologic basins were obtained from the 
MARIS website.    
Accurate location of groundwater wells is important, especially when these data 
are used to construct geologic cross-sections and groundwater models. The USGS, using 
the latest Global Positioning Systems (GPS), determined locations of currently existing 
groundwater wells in this study. This GPS system is the same one that is currently used 
by United States Military Forces, and has an accuracy of approximately 1 meter. 
Precise elevation and water-level data for groundwater wells is also important 
when constructing potentiometric maps, which aid in the visual representation of what 
the groundwater flow conditions are. Potentiometric maps were constructed for the study 
area. These maps show how the aquifer has been affected over the years by several 
different factors, and provide calibration for the groundwater model. 
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Pump test provide pumping rate data on how much water the aquifer has 
produced over a given amount of time. This data provides aquifer transmissivity 
properties that were needed to construct the groundwater model. 
Arc GIS Desktop Version 9.0 was used to incorporate GIS data files when 
creating maps for this study. Arc GIS 9.0 is “The Complete Geographic Information 
System”. ESRI® Arc GIS® is an integrated collection of software products for building a 
complete geographic information system (GIS). The Arc GIS framework enables 
deployment of GIS functionality wherever it is needed-desktops, servers, web services or 
mobile devices. Coupled with the geodatabase, this architecture gives you the tools to 
assemble intelligent geographic information systems. Desktop GIS refers to Arc 
ReaderTM, Arc View®, Arc EditorTM, and Arc Info® - a family of scalable software 
products. Although licensed separately, Arc View, Arc Editor, and Arc Info share the 
same core applications, user interface, and development environment. Each product 
provides additional functionality, which is enabled as you move from Arc Reader to Arc 
View to Arc Editor to Arc Info. This offers dramatical usability and interoperability while 
retaining flexibility for end user deployments (ESRI, Incorporated, 2005). 
Several maps were created using Arc View. They are Mississippi Counties with 
Major Roads; Mississippi Surface Geology; Mississippi Physiography; Mississippi 
Surface Water with Hydrologic Basins, Water Bodies, and Major Rivers; Grenada 
County with City of Grenada, Major Roads, and Secondary Roads; Grenada County 
Surface Geology; Grenada County Physiography; Grenada County with Hydrologic 
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Basin, Water Bodies, Major River, Intermittent Streams, and Perennial Streams; Grenada 
County Topography; and Grenada County Potentiometric Maps. 
Rock Works 2004® is the newest version of Rock Ware’s integrated geological 
data management, analysis, and visualization software package. Rock Works specializes 
in visualization of subsurface data as logs, cross sections, fence diagrams, solid models, 
structural and isopach maps in both 2D and dynamic 3D windows. 
Rock Works® was used to create stratigraphy 3-D models of Grenada County’s 
sub-surface for comparison with previously constructed cross-sections; 3-D model of the 
MUWX Aquifer; determine groundwater surface maps and groundwater flow direction 
for comparison with previous potentiometric maps; and amount of groundwater available 
for comparison with previous calculations on the amount of groundwater available. 
The MUWX aquifer resources were accurately predicted. Four scenarios were 
tested using the ground water model. The scenarios were the comparison of a cluster of 
wells vs. widely distributed wells, both north and south of Grenada, and how they affect 
the aquifer. The scenario was based on a proposed growth of Grenada, due to an 
industrial complex (Nissan Plant), and its need for more groundwater production. 
Groundwater levels are subject to changes in precipitation, infiltration, and pumping rates 
or water usage rates (Domenico and Schwartz, 1990). By accurately calculating the water 
that infiltrates the aquifer and subtracting the water that is discharged from the aquifer, 





The results for the MUWX aquifer were: 
• available water in the aquifer has increased overall due to increased rainfall; 
• increases in groundwater levels are evident north, south, and east of the City of 
Grenada due to increased infiltration; 
• groundwater levels in the City of Grenada and immediately west of the City have 
remained the same or slightly decreased, due to the increased production; 
• accurate location of future production wells will reduce any stressful impacts on 
the aquifer; 
• adequate spacing of future production wells for industrial use will also reduce any 
stressful impact on the environment. 
• results are based on available data, and should be used with caution.  
Geology and Hydrogeology 
Eight different geologic units outcrop in the study area. Local formation thickness 
can be determined from Table 3, which provides the elevation of the top and bottom of 
the formations in relation to sea level. The outcrops from east to west are the upper 
Wilcox (Wilcox Group); Meridian Sand, Basic City Shale, Neshoba Sand, Winona Sand, 
Zilpha Clay, and Sparta Sand (Claiborne Group); Loess and Terrace Deposits; and
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Mississippi River Alluvium, as seen on Table 4 and Figure 13. Geologic cross-sections 
A-A’ (northwest to southeast), B-B’ (southwest to northeast), C-C’ (north, northwest to 
south, southeast), and D-D’ (north, northeast to south, southwest) were constructed using 
available data and can be seen in Figures 14-18 respectively. Three dimensional models 
of the sub-surface geology of the study area were created in Rock Works® for comparison 
with the above referenced cross-sections, and are seen in Figures 19 & 20. These 
outcrops have a north-south strike, with an average dip of twenty-five feet per mile, and 
dip in the direction of west to southwest, which is very evident on cross-sections A-A’ 
and B-B’. Cross-sections could be interpreted to indicate that a fault lies under Grenada. 
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Table 3 Grenada Geologic Formation Elevations (data from MDEQ & USGS, 2005). 















































































A006   341 321 321 291 291 261 261 241 241 220   
B013       194 98 98 -20 -20 -22   
B022       279 254 254 49 49 19   
B025b       200 148 148 120 120 36 36 -100
B025c       200 148 148 120 120 36 36 -100
B025d       200 148 148 120 120 36 36 -100
B102       220 172 172 120 120 46 46 25 
B103       203 161 161 103 103 17   
F002 195 91 91 -1 -1 -19 -19 -45 -45 -177 -177 -259   
F005a 299 209 209 165 165 109 109 -13 -13 -161 -161 -208   
F005b 256 166 166 122 122 66 66 -56 -56 -204 -204 -251   
F012 148 98 98 18 18 -62 -62 -102 -102 -312 -312 -362   
F025   194 184 184 154 154 54 54 -301 -301 -393   
F029 257 207 207 167 167 157 157 133 133 -39 -39 -95 -95 -193
F030 302 184 184 152 152 42 42 -30 -30 -178 -178 -207   
F032 285 75 75 -105 -105 -160 -160 -190 -190 -390 -390 -435   
G005 377 315 315 273 273 225 225 197 197 77 77 -23 -23 -117
G010       230 205 205 4 4 -22   
G012       291 268 268 91 91 31   
G024       276 216 216 16 16 -29   
G026     266 196 196 116 116 -36 -36 -84   
H006       195 15 15 -265 -265 -298   
H032       180 136 136 80 80 -34 -34 -120
H050         177 56 56 7   
H056       226 176 176 76 76 16   
H057       220 170 170 70 70 10   
H058       178 163 163 63 63 8   
H069         281 147 147 21 21 -99 
H077         225 165 165 65 65 -15 
H088         197 61 61 21   
H099       230 140 140 85 85 -40 -40 -54 
H100         174 99 99 -1 -1 -116
H101           253 116 116 -90 
H101a           253 116 116 -90 
H134         174 110 110 14 14 -16 
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Table 3 Continued. 















































































H136         303 223 223 203   
H138       225 135 135 80 80 -45 -45 -59 
H139         177 102 102 2 2 -113 
H140       170 140 140 90 90 40 40 -40 
H141         246 164 164 116   
H142       173 129 129 93 93 71 71 -17 
H144         229 149 149 109   
H145       174 122 122 90 90 4 4 -11 
H146         200 100 100 20   
H148         413 163 163 47 47 -87 
H149         413 163 163 47 47 -87 
K003             275 195 
K014             229 53 
K016             337 161 
  38 
 
 
Table 4 Mississippi Generalized Stratigraphic Column (modified from Dockery, 1996). 
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Groundwater flow in the aquifer is westward in north-central Mississippi and 
southwestward in east-central Mississippi (Hoffmann and Gregory, 2000). Twelve 
potentiometric maps were constructed using Arc Map’s groundwater contouring tool and 
groundwater data that were available. For comparison, twelve potentiometric maps were 
constructed by hand, and can be seen in Appendix E. Following each potentiometric map 
is a map that shows wells that were used for the same time period that the potentiometric 
map represents. These potentiometric maps and well construction maps can be seen on 
Figures 21-44. These maps not only show local groundwater flow direction to be 
generally westward, they also show very noticeable cones of depression in and around the 
City of Grenada. When comparing the potentiometric maps to there corresponding well 
construction maps, cones of depression occur in areas were wells are added, until the 
aquifer has been given adequate time to recover. Although groundwater levels in the City 
of Grenada have remained the same or decreased slightly, they are still lower than 
groundwater levels outside of the city. This is due to increased demand on the MUWX 
aquifer within the city limits. Groundwater elevations for the study area that were 
available can be seen in Appendix C. 
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Groundwater Development, Production, and Levels 
Data was available for 130 wells in the Study Area. 13 wells are used for 
commercial purposes (i.e., retail stores, banks, and hotels), 13 wells are government 
supply wells (i.e., United States Army Corps of Engineers and Mississippi Army 
National Guard, Camp McCain Training Center), 25 wells are used for industrial 
purposes (i.e., wood treating facilities, automotive parts manufacturer, and paper mills), 
57 are privately owned wells (i.e., home and agricultural), and 22 are public supply wells, 
which may be seen in Appendix A. These wells were constructed from 1903 to 2003, and 
vary in depth from 14 feet below ground surface (ft bgs) in the eastern part of the county 
(outcrop area) to 720 ft bgs in the western part of the county (down-dip). The average 
commercial well casing has a 6 inch inner diameter (ID), with an average production rate 
of 190 gallon per minute (gpm). The average government well casing has a 13 in ID, with 
an average production rate of 308 gpm. The average industrial well casing has a 10 in ID, 
with an average production rate of 530 gpm. The average private well casing has a 5 in 
ID, with an average production rate of 54 gpm. The average public well casing has a 13 
in ID, with an average production rate of 475 gpm. 
Groundwater level data for wells in Grenada were available, but the data were not 
collected for multiple wells on a regular basis, as seen in Appendix C. Groundwater 
levels are subject to change due to variations in precipitation, infiltration, and discharge 
conditions. Groundwater levels were generally shallow in the eastern part of the county, 
and increased in depth toward the western part of the county. This is due to the fact that 
  73 
 
 
the sands of the aquifer are present at the surface in the eastern part of the county, and are 
on average 500 ft bgs in the western part of the county. However, the depth to 
groundwater down-dip from the recharge area is not as much as the depth to the aquifer, 
due to the fact that the MUWX aquifer is confined by the overlying Basic City Shale 
formation, which increases the confined pressure. Confined pressure is defined as the 
vertical distance between the water level and the top of the aquifer (Driscoll, 1995). The 
confining pressure is greater than atmospheric pressure, thus forcing the groundwater to 
rise when a well is constructed down-dip from the recharge area (i.e., the further down-
dip from the recharge area, the more rise in water level). Groundwater levels in the study 
area have continued to rise due to an increase in rainfall over the study area. This increase 
in rainfall creates multiple chances for infiltration into the MUWX aquifer’s exposed 
sands in the eastern portion of the county. One way of increased infiltration in the outcrop 
area of the MUWX aquifer, occurs in what is known as the North Central Hills, which is 
characterized by gentle rolling hills with broad ridges, and wide relatively flat valleys. 
Another way that infiltration has increased is that a large (35,820 acres) flood control 
reservoir (Grenada Lake) was constructed in 1954 in the northeast portion of the county. 
The majority of Grenada Lake directly overlies the sands of the MUWX aquifer, and in-
turn captures much of the run-off from the eastern part of the county, thus giving the 
increased rainfall another chance for infiltration. Although, groundwater levels have 
continued to rise in much of the county, groundwater levels in the city don’t show much 
of a change, as a result of production. When comparing the potentiometric maps with 
their appropriate well construction maps, it is very clear that the aquifer does suffer from 
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initial well production, but generally recovers after the well has been in use for several 
years. 
Dropping water levels are a direct result of over pumping wells, continuous 
flowing wells down-dip from the recharge area, and any alterations to the recharge area. 
Figure 45 is a map showing the location of wells with multiple water level readings. This 
is very evident in water levels for wells that are in the City of Grenada and west of the 
city, as seen in Figures 46-50. Due to an increase in population in the city, more public 
wells were added to accommodate that demand. These added wells increased the demand 
on the MUWX aquifer, which resulted in a cone of depression that encompasses the city. 
Since the MUWX aquifer is confined several wells west of the city flow under artesian 
conditions. Continued flow under these conditions results in lower water levels in wells 
that are in the city. However, an increase in recharge, due to the increase in rainfall and 
an increase in lake stage, is evident in water levels for several wells outside of the city, as 
seen in Figures 51-56. Discharges in the study area mirror the seasonal climate changes. 
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Hydraulic Characteristics of the MUWX Aquifer 
Newcombe and Bettandorff (1973) determined that wells in the MUWX aquifer 
in Grenada County and six surrounding counties had the ability to produce 50 to 2,800 
gpm, with specific capacities that ranged from 3 to 42 gpm per foot of drawdown. 
Specific capacity is defined as the pumping rate per hour divided by the total drawdown  
within the well (Domenico and Schwartz, 1990). They also concluded from six pumping 
test conducted in Yalobusha, Grenada, and Montgomery Counties (two per county)  that 
transmissivity ranged from 14,000 to 52,000 gallons per day per foot (gpd/ft), and 
permeability ranged from 330 to 780 gallons per day per square foot (gpd/ft2).   
Transmissivity is the rate of flow of water through a vertical strip of aquifer one 
unit wide, and is calculated by multiplying the saturated zone thickness by hydraulic 
conductivity (Domenico and Schwartz, 1990). This resulted in an average permeability of 
460 gpd/ft2, which is slightly higher than the average of 400 gpd/ft2 for all tests of this 
aquifer in Mississippi. Permeability is defined as the property of a porous rock, sediment, 
or soil for transmitting a fluid; it is a measure of the relative ease of fluid flow under 
unequal pressures (Driscoll, 1995). 
Grenada is approximately 421 mi2, which converts to 1,339,238 ft2. By taking the 
average thickness of the MUWX aquifer of approximately 170 ft and multiplying it by 
the square feet of Grenada, the volume of the aquifer is approximately 227,670,460 ft3. 
Knowing the volume of the aquifer is important, when determining the expected amount 
of groundwater in the aquifer. By multiplying the aquifer volume 227,670,460 ft3 by an 
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average porosity of 37.5%, the available void space for groundwater storage is 
determined to be 85,376,423 ft3 or 638,659,995 gallons of expected available 
groundwater. Groundwater withdrawals can be determined by multiplying the aquifer 
thickness of 170 ft by an average transmissivity of 33,000 gpd/ft, which results in 5.61 
mgd, which is within the lower end of the estimate predicted by Newcome and 





The development of future groundwater resources in the study area in order to 
support a large industrial complex, such as the Nissan Plant in Canton is very feasible. 
The Nissan Plant in Canton requires has a water requirement of 3 million gallons per day 
(mgd), which is very possible for the primary aquifer (MUWX) in Grenada. The 
groundwater supply potential for Grenada County was estimated by Newcome and 
Bettandorf in 1973 to be 5-10 mgd.     
Future Development of Water Resources 
  Although Grenada has shown a slow steady growth over the years, development 
goals of the groundwater resources from the MUWX aquifer have not been reached. 
Based on available data from several sources, wells in Grenada currently have the ability 
to produce on average 301 gpm, which is approximately 435,000 gpd. These wells are 
capable of producing 5.61 mgd, as determined from the aquifer characteristics, which is 
in addition to what it was producing in 1973 at the time of Newcome and Bettandorff’s 
study. Wells that are clustered together in the city have a dramatic effect on the aquifer’s 
potential, as seen in Figures 57-60. 
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One aspect of future development is the effect of pumping wells on groundwater 
levels. Pumping wells produce a drawdown of the groundwater levels in the aquifer that 
supply them. The amount of drawdown in the pumping well is a function of the rate of   
discharge, the transmissivity of the aquifer, and the well efficiency (Newcome and 
Bettandorff, 1973). A properly constructed and developed production well will have little 
effect on the groundwater level, and is thought of as efficient. This efficiency declines 
proportionally to the difference in water levels. A fully efficient well is thought to have a 
direct relationship between aquifer transmissivity and drawdown for given pumping rates 
and well diameters (Newcome and Bettandorff, 1973). This is very important in 
determining proper well casing size and well pump size. 
Another aspect that must be considered is the spacing of future production wells. 
If future production wells are going to be effective without diminishing the aquifer’s 
potential they must be adequately spaced. The area affected by a pumping well increases 
over time. This increase allows the well to have the ability to capture water that normally 
would flow by to another discharge point. By adequately distributing future production 
wells over a larger area, drawdown for each well will be properly spaced, thus 
minimizing the combined effect of several wells acting as one withdrawal location, while 
still achieving the needed groundwater supply requirements. Rock Works determined that 
3 wells that could produce 3 mgd, spaced approximately 0.5 miles apart would 
sufficiently reduce the groundwater in the aquifer by capturing water that would normally 
flow westward, as seen in Figures 61-70. However, 3 wells that could produce 3 mgd, 
spaced approximately 1 mile apart would not have a drastic affect on the aquifer, as seen
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in Figures 71-80. Adequate spacing of the wells is important, so as not to have a 
detrimental impact on the aquifer, yet still be able to achieve the groundwater 
withdrawals necessary to support a large industrial complex. 
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Groundwater Supply Potential 
Newcome and Bettandorff (1973) determined in their seven county study that the 
MUWX aquifer has the potential to produce 5-10 mgd in Grenada County in 1973, given 
that there is adequate spacing of future production wells, as well as proper well design 
and construction in order to fit the specific requirements for each specific location that 
will ensure maximum efficiency. According to the MDEQ the MUWX aquifer is 
producing approximately 4-5 mgd in Grenada County. Taking this into consideration, an 
additional 3 mgd (Nissan Plant water requirements) is easily attainable for the MUWX 





By modeling the Meridian-upper Wilcox Aquifer in the study area of Grenada, 
the availability of groundwater resources was accurately determined. The available 
groundwater resources will support a large industrial complex similar to the Nissan Plant 
in Canton, Mississippi. This study will save Grenada valuable time and money when 
proposing development of new production wells to support future industrial and 
residential expansions. Adequate space for a large industrial complex is available, both 
north and south of Grenada. The air industrial park is located north of Grenada, along 
with the airport, the intersection of Interstate 55 and Highway 51, and an active railroad. 
Also, the largest fresh-water lake in Mississippi is located approximately 5 miles to the 
east, in case the groundwater quality is insufficient for all industrial processes. However, 
there are already large amounts of groundwater withdrawals in this area from the MUWX 
aquifer, and even with adequate well spacing, there will be a large demand placed on the 
MUWX aquifer. South of Grenada, between Interstate 55 and Highway 51, which are 
approximately 10 miles apart, seems to be the proper choice for a large industrial 
complex. There is very little demand on the MUWX aquifer in this area, and with 
adequate well spacing there will be little effect on the MUWX aquifer. In addition, a 
detailed inventory in one specific area will be helpful in understanding the nature of 
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groundwater resources in other areas that have similar climate, geology, and topography. 
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A004 1962 33.8726 -89.8501 280 118 2     Private 
A005 1963 33.8909 -89.8459 318 125 2     Private 
A006 1968 33.8857 -89.8418 341 121 4 10   Private 
A009 1961 33.8868 -89.8651 339 120 2     Private 
A013 1961 33.8918 -89.8659 362 177 2     Private 
A015 1973 33.8584 -89.8456 231 250 4 18 270-300 Commercial
B004 1942 33.8309 -89.7918 195 272 12 350   Government
B013 1964 33.8284 -89.7984 194 216 4   170-216 Private 
B022 1969 33.8709 -89.7801 279 260 4     Private 
B023 1968 33.8634 -89.7751 238 200 4     Private 
B025b 1973 33.8354 -89.8090 200 300 4 220 184-214 Industrial 
B025c 1973 33.8354 -89.8090 200 214 4 213 126-156 Industrial 
B025d 1973 33.8354 -89.8090 200 156 4 221   Industrial 
B028 1974 33.8723 -89.8112 262 550 4 18   Private 
B035 2002 33.8148 -89.8068 180 165       Private 
B102 1958 33.8423 -89.7920 220 195       Commercial
B103 1942 33.8379 -89.7884 203 257 12 472 227-257 Government
E002 1918 33.7959 -90.1201 135   2 21   Private 
E003 1918 33.7876 -90.0551 144 400 2 5   Private 
E008 1974 33.7846 -90.0334 184 546 4 20   Private 
E013 1918 33.7726 -90.0834 135 400 2     Public 
F002 1965 33.7608 -89.9773 195 440 10     Public 
F004 1970 33.6932 -89.9959 345 588 12 500 558-588 Industrial 
F005a 1970 33.7015 -89.9493 299 499 8 100 457-499 Public 
F005b 1970 33.6979 -89.9329 256 459     423-459 Public 
F006 1966 33.7251 -89.9884 302 378 2 12   Private 
F012 1961 33.7626 -90.0248 148 510 4 10   Private 
F013 1962 33.8001 -90.0218 314 570 4     Private 
F015 1965 33.7576 -89.9984 152 400       Private 
F016   33.7618 -89.9768 194         Private 
F019 1903 33.7615 -89.9779 190 380 2 25   Private 
F021 1964 33.8001 -90.0170 235 693 4     Private 
F022 1964 33.7876 -90.0090 199 538 4     Private 
F023 1965 33.6996 -89.9918 244 588 12 3   Industrial 
F025 1971 33.8084 -90.0034 194 587 4 30 567-587 Private 
F027 1974 33.7390 -89.9429 277 455 2 10 285-305 Private 
F029 1978 33.7530 -89.8524 257 450 10 150 400-450 Public 
F030 1979 33.7013 -89.9502 302 509 10 125 479-509 Public 
F032 1981 33.6843 -90.0023 285 720 4 25 700-720 Private 
G005 1970 33.7517 -89.8536 377 465 8 100 412-454 Public 
G006 1964 33.7518 -89.8818 236 299 2     Private 
G010 1967 33.7832 -89.8334 230 245 4     Commercial
G012 1970 33.7759 -89.8251 291 260 4 70 240-260 Private 
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G013 1965 33.7251 -89.8293 230 353 4 30 232-252 Private 
G017 2003 33.7579 -89.9209 270 361 4     Private 
G018 1971 33.7876 -89.8459 285 455 6 44 415-455 Private 
G024 1974 33.7837 -89.8437 276 305 4 150 330-350 Commercial
G025 1973 33.7837 -89.8454 246 270 4 18   Commercial
G026 1974 33.7851 -89.8412 266 350 4 10   Commercial
G031 1972 33.7223 -89.8329 240 220       Public 
H003   33.7834 -89.8209 180         Private 
H006 1913 33.7826 -89.8020 195 169 10 300   Public 
H007 1913 33.7826 -89.8001 190 168 10 300   Public 
H009 1925 33.7776 -89.8001 197 172 24 500   Public 
H010 1925 33.7785 -89.7990 194 172 24 650 132-172 Public 
H012 1944 33.7790 -89.8001 197 172 12 725 132-172 Public 
H013 1954 33.7791 -89.7992 194 170 12 715   Public 
H016 1988 33.7168 -89.7751 208 190       Private 
H018 1961 33.7101 -89.7434 206 241 2     Private 
H019   33.7829 -89.8209 181         Private 
H020 1942 33.6918 -89.7543 216 138 18 400   Government
H021 1942 33.7035 -89.7584 210 155 18 350   Government
H023 1942 33.7085 -89.7634 205 140 18 350   Government
H024 1942 33.7060 -89.7409 212 118 18 350   Private 
H026 1942 33.6918 -89.7284 246 120 18 350   Government
H027 1942 33.7743 -89.8093 212 160 8 150   Commercial
H028 1955 33.7707 -89.8104 217 185 10 450   Industrial 
H029 1940 33.7709 -89.8101 217 189 6 380   Industrial 
H030 1947 33.7751 -89.8076 200 185 8 135   Commercial
H031 1946 33.7709 -89.8026 200 167 6 153   Industrial 
H032 1960 33.8026 -89.8020 180 250 18 900 200-250 Industrial 
H033 1960 33.8046 -89.8012 174 250 18 900   Industrial 
H039 1925 33.7335 -89.7834 207 120 8 300   Industrial 
H040 1904 33.7335 -89.7834 207 166 8 400   Industrial 
H042 1942 33.7351 -89.7993 231 110 2 25   Commercial
H047 1941 33.7834 -89.8165 226 170 4 100 150-170 Industrial 
H048 1948 33.7834 -89.8165 226 197 6 100   Industrial 
H049 1927 33.7768 -89.7959 177 169 12 240 131-169 Commercial
H050 1944 33.7768 -89.7959 177 173 16 960 123-173 Commercial
H052 1946 33.7335 -89.7834 207 165 10 500   Industrial 
H056 1962 33.7712 -89.8118 226 210 30 2800 170-210 Industrial 
H057 1962 33.7709 -89.8109 220 210 12 350 170-210 Industrial 
H058 1963 33.7875 -89.8027 178 170 18 599 130-170 Public 
H066 1967 33.7918 -89.7568 208 152 4 15 240-260 Private 
H069 1959 33.7884 -89.7712 281 220 4   210-220 Private 
H071 1917 33.6818 -89.7293 247 280 3 35   Commercial
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H074 1971 33.7768 -89.7959 177 163 8 350 145-163 Commercial
H077 1969 33.7876 -89.7573 225 260 4 10 250-260 Private 
H088 1972 33.7791 -89.8001 197 175 30 1000 135-165 Public 
H099 1977 33.7609 -89.8215 230 280   250   Public 
H100 1977 33.7868 -89.7912 174 280 6 250 250-290 Public 
H101 1977 33.8054 -89.7220 253 152 4 180 122-152 Government
H101a 1977 33.8054 -89.7220 253 191 3 10 181-191 Government
H113 1942 33.6965 -89.7273 240 211 18 350 161-211 Private 
H121 1968 33.6965 -89.7918 239 220 2 8   Private 
H125 1964 33.7285 -89.7812 213 120 2 250 390-440 Private 
H126 1964 33.7890 -89.7665 324 150 4 98   Private 
H127 1965 33.7407 -89.8098 217 180 2 10 110-121 Private 
H134 1983 33.7812 -89.7934 174 154 16 350 114-154 Industrial 
H136 1984 33.7726 -89.7209 303 100 4 11 92-100 Private 
H138 1977 33.7599 -89.8209 225 247 16 1000 207-247 Public 
H139 1977 33.7876 -89.8016 177 290 16 1000 240-290 Public 
H140 1980 33.7957 -89.8159 170 190 12 1500 150-190 Industrial 
H141 1987 33.6804 -89.7406 246 130 4 50 120-130 Industrial 
H142 1989 33.7951 -89.8162 173 180 6 125 160-180 Industrial 
H144 1992 33.6896 -89.7498 229 111 12 825 91-111 Industrial 
H145 1983 33.8087 -89.8118 174 188 10 1400 148-188 Industrial 
H146 1990 33.7573 -89.7973 200 180 6 200 140-180 Private 
H147 1993 33.7851 -89.8173 182 190 10 250 160-190 Industrial 
H148 1997 33.7824 -89.7476 413 280 12 250 220-280 Industrial 
H149 1982 33.7824 -89.7476 413 360 16 390 320-360 Public 
H150 1982 33.7823 -89.7480 417 320 12 390 260-320 Public 
H154 2002 33.7823 -89.7481 417 304       Private 
H155 1978 33.7596 -89.7409 272 280       Private 
J010 1974 33.6779 -89.6434 263 326 2 8   Private 
J030 1935 33.6779 -89.6434 263 14       Private 
J060 1939 33.6993 -89.6801 272 14 36     Private 
J061   33.7043 -89.6709 262         Government
J062 1920 33.7068 -89.6167 358 29       Private 
J064   33.6810 -89.6334 279         Private 
J065   33.6843 -89.6406 262         Government
J066   33.6779 -89.6451 263         Government
J067   33.6818 -89.6676 282         Government
J068   33.6910 -89.6834 263         Government
K003 1968 33.7404 -89.5806 275 80 2 7 75-80 Private 
K014 1970 33.7834 -89.6001 229 160 4 9 120-160 Private 
K016 1971 33.7248 -89.5679 337 176 4 6 176  Private 
K017 1972 33.7237 -89.5667 315 176 4 6   Private 
K022 1975 33.7535 -89.5531 338 176 4 5   Private 
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Grenada Rainfall (data from CIMATEDATA CENTRAL, 2005).
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1930 4.73 2.69 3.00 2.45 9.87 0.89 1.35 4.43 1.82 2.88 5.24 3.88 
1931 3.20 3.34 5.18 2.92 3.36 1.66 5.03 2.54 0.44 1.28 4.30 12.43
1932 11.45 7.60 3.29 5.11 1.62 9.97 3.08 5.71 5.55 4.76 3.96 11.89
1933 3.07 5.86 10.43 3.88 6.73 0.24 9.10 2.53 1.38 2.13 1.00 3.15 
1934 2.36 4.00 5.72 0.58 1.28 7.27 1.43 5.76 5.13 2.29 5.31 6.43 
1935 4.14   9.57 6.69 5.58 4.53 0.60 0.70     4.40 1.77 
1936 5.07 2.68 3.47 3.80 0.81 1.70 7.00 1.46 1.09 1.14 3.86 6.35 
1937 9.30 2.86 3.95 1.96 2.93 2.04 2.61 3.81 6.02 3.01 4.57 4.71 
1938 4.06 3.17 4.26 4.48 1.35 7.11 3.19 2.58 1.05       
1939       4.04 3.39 5.75 0.79 1.70 1.40 0.08 2.33 4.66 
1940 2.52 4.25 4.83 4.93 3.93 4.41 8.88 7.90 0.81 1.50 6.71 5.78 
1941 3.25 2.62 4.21 3.05 0.40 3.35 6.69 5.23 5.04 8.74 5.76 3.25 
1942 2.56 3.93 7.39 3.92 4.61 3.10 1.78 3.05 2.92 1.58 0.75 7.00 
1943 2.26 1.92 6.71 1.97 2.21 0.38 1.92 2.54 2.56 1.12 4.48 3.49 
1944 4.72 7.96 15.29 5.81 7.13 2.48 3.17 4.08 4.30 0.36 4.36 7.20 
1945 4.10 6.31 8.95 6.85 3.15 3.37 6.47 3.24 4.42 3.91 4.92 4.37 
1946 12.99 7.36 5.49 1.13 4.78 4.32 5.41 0.43 1.99 3.20 8.60 2.94 
1947 8.63 2.07 5.64 8.53 4.38 6.12 0.99 1.90 1.36 0.37 9.06 2.72 
1948 4.25 11.22 8.03 1.69 1.41 6.42 1.42 7.29 3.31 0.43 18.10 3.32 
1949 13.95 4.89 10.64 3.77 4.85 3.16 3.97 7.57 0.65 6.69 0.08 2.68 
1950 7.15 6.06 7.25 1.99 3.23 2.30 5.63 9.69 3.47 2.77 4.98 4.43 
1951 9.05 6.38 8.38 4.96 1.75 2.45 5.28 0.65 2.37 1.61 4.45 9.05 
1952 4.30 3.08 3.53 5.11 5.51 1.06 1.54 0.94 0.57 0.06 4.96 4.47 
1953 3.53 8.82 9.16 6.72 7.48 0.40 4.41 2.44 0.97 0.75 0.52 6.09 
1954 7.09 4.90 1.91 4.35 7.85 0.86 3.37 1.26 1.38 3.62 3.28 7.64 
1955 3.26 4.92 9.62 8.60 3.53 2.75 4.65 0.99 2.96 0.92 2.46 2.55 
1956 2.22 9.30 4.39 7.26 4.42 2.59 1.15 1.54 1.50 2.71 5.00 6.79 
1957 9.21 6.72 2.90 5.35 2.98 9.00 9.42 1.59 4.66 5.02 13.50 2.64 
1958 3.06 2.52 4.42 7.07 8.65 3.48 5.23 2.15 16.15 1.57 5.96 1.35 
1959 3.19 6.15 5.58 4.19 6.47 4.54 9.76 1.79 6.20 3.40 2.83 8.28 
1960 6.81 2.93 6.43 2.26 4.94 1.59 2.39 3.91 1.65 3.16 3.44 4.47 
1961 2.48 13.02 10.07 3.24 3.01 3.35 8.60 1.66 2.50 1.49 17.70 10.57
1962 8.04 6.52 4.07 8.66 5.52 2.19 5.53 2.33 3.60 1.18 3.25 2.15 
1963 2.27 2.48 6.21 3.68 3.55 3.08 9.32 3.06 1.76   3.92 5.41 
1964 5.09 4.30 11.60 13.08 3.39 2.27 2.38 2.52 2.88 1.32 5.62 4.52 
1965 2.73 6.15 7.14 2.67 1.09 1.13 2.87 4.17 4.08 0.89 0.91 1.75 
1966 6.14 9.49 0.71 4.15 3.86 0.96 3.02 1.68 3.42 2.85 1.36 4.43 
1967 1.83 4.86 1.62 6.00 6.02 1.09 6.71 4.30 1.73 2.15 3.03 9.71 
1968 8.98 2.17 5.28 8.24 6.62 0.88 3.37 2.93 5.70 2.34 5.04 6.95 
1969 4.46 5.61 4.45 6.03 1.82 1.29 2.58 3.81 4.71 1.78 5.25 9.98 
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1970 2.13 3.86 6.36 8.79 1.02 6.38 4.14 5.80 1.96 8.52 3.02 4.97 
1971 3.38 6.80 5.32 4.10 3.51 5.25 5.64 4.07 2.35 0.49 1.96 6.31 
1972 8.39 1.00 5.05 5.23 3.35 6.68 5.43 3.91 4.19 3.06 6.88 5.92 
1973 10.47 3.56 17.47 7.08 8.71 1.08 8.91 1.43   2.10 8.77 6.91 
1974 12.42 4.29 4.32 6.24 10.03 11.89 5.57 3.61 3.15 2.03 4.25 8.19 
1975 4.14 6.96 10.18   7.19 3.88 7.15 5.21 3.85 7.08 5.84 3.46 
1976 5.06 5.39 8.53 1.27 4.62 5.86 4.36 1.05 3.01 3.89 1.97 4.25 
1977 5.02 2.20 8.13 7.42 1.00 3.74 5.86 2.32 8.00 7.01 12.78 2.66 
1978 5.32 2.19 3.16 2.77 12.33 8.17 2.70 1.72 3.30 0.28 3.31 4.91 
1979 10.72 4.16 4.71 10.62 6.30 2.81 6.03 2.86 6.47 2.28 8.26 3.30 
1980 5.44 2.36 16.26 8.06 3.54 7.34 2.11 1.65 7.76 2.55 4.77 0.68 
1981 1.58 3.29 4.80 1.25 5.22 1.53 6.35 1.94 3.59 4.86 1.54 2.26 
1982 8.11 4.18 2.03 10.41 3.71 4.08 2.58 3.52 6.91 5.34 6.23 21.24
1983 5.28 7.63 5.27 8.95 9.73 6.23 3.60 0.01 2.80 4.26 8.88 13.31
1984 2.86 3.86 6.37 6.30 3.53 1.59 2.81 2.46 0.36 10.04 5.89 1.60 
1985 3.75 5.57 2.73 2.72 5.14 3.46 2.02 11.38 5.19 4.75 2.72 3.32 
1986 0.59 1.73 3.79 1.26 6.23 7.69 1.38 2.79 2.99 5.05 12.47 2.52 
1987 3.24 7.55 5.16 1.78 4.38 5.56 3.23 1.88 1.69 0.16 7.74 3.72 
1988 2.55 3.26 4.96 4.07 1.67 0.07 3.82 0.99 5.75 4.35 4.52 4.91 
1989 8.77 7.21 3.51                   
1990                     4.55 10.64
1991 3.26 11.37 6.69 16.75 8.43 2.86 3.31 2.04 4.69 1.27 3.81 14.45
1992 2.69 3.43 4.50 2.46 0.87 6.88 4.92 5.17 5.03 1.93 4.46 4.13 
1993 4.07 2.82 4.25 6.82 4.72 1.31 2.15 5.10 3.20 3.38 2.14 4.66 
1994 5.59 6.43 7.41 2.41 3.24 5.36 17.23 1.75 7.88 6.40 6.22 3.67 
1995 5.66 9.25 6.59 7.49 2.01 4.47 5.92 3.36 0.33 3.42 4.56 7.53 
1996 6.00 3.79 4.87 7.03 0.95 9.18 3.51 3.05 8.38 3.00 5.76 6.93 
1997 7.49 5.54 8.53 3.73 9.79 8.32 3.55 5.70 2.93 5.03 2.04 4.82 
1998 6.52 5.80 5.78 7.06 4.57 2.15 5.65 3.65 1.13 1.43 4.04 9.25 
1999 9.12 1.52 5.98 8.47 2.91 4.22 2.61 0.87 2.51 1.63 2.12 3.59 
2000 3.83 2.76 5.35 9.41 2.97 6.11 1.05 2.00   0.26 9.87 4.69 
2001 6.58 9.61 3.78 4.65 5.63 4.66 2.86 7.08 4.62 4.24 10.91 8.05 
2002 9.52 4.42 11.70 3.17 10.76 1.41 7.34 5.40 10.47 3.84   7.23 
2003 3.00 9.65 1.62 4.72 11.04 7.90 5.25 3.87 4.74 2.73 4.38 3.59 
2004 5.32 8.42 3.56 4.79 9.74 12.23 4.52 2.39 0.03 4.66 10.99 12.06




Grenada Groundwater Elevations (data from MDEQ & USGS).
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GRENADA AVERAGE ANNUAL GROUNDWATER ELEVATIONS (ft msl) 
Year 1915 1919 1938 1939 1942 1943 1944 1946 1947 1954 
A004           
A005           
A006           
A009           
A013           
A015           
B004     174.00      
B013           
B022           
B023           
B025b        170.00   
B028           
B035           
B102           
B103          182.66 
E002   127.00        
E008           
E013   132.00        
F002           
F004           
F005a           
F006           
F012           
F013           
F015    127.00       
F016    193.00       
F019 186.00          
F021           
F022           
F023           
F025           
F027           
F029           
F030           
F032           
G005           
G006           
G010           
G012           
G013           
G017           
G018           




GRENADA AVERAGE ANNUAL GROUNDWATER ELEVATIONS (ft msl) 
Year 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 
A004        250.00   
A005         245.00  
A006           
A009       272.00    
A013       312.00    
A015           
B004           
B013          115.00 
B022           
B023           
B025b           
B028           
B035           
B102           
B103 189.33 189.56 190.02 191.06 187.33 190.23 192.38 193.35 187.53 191.70 
E002           
E008           
E013           
F002           
F004           
F005a           
F006           
F012       58.00    
F013        185.00   
F015           
F016           
F019           
F021          60.00 
F022          144.00 
F023           
F025           
F027           
F029           
F030           
F032           
G005           
G006          118.00 
G010           
G012           
G013           
G017           
G018           




GRENADA AVERAGE ANNUAL GROUNDWATER ELEVATIONS (ft msl) 
Year 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 
A004           
A005           
A006    281.00       
A009           
A013           
A015         151.00  
B004           
B013           
B022     119.00      
B023    138.00       
B025b         198.00  
B028          222.00 
B035           
B102           
B103 188.46 188.48 187.33 194.09 192.12 194.04 190.26 189.96 198.41 196.65 
E002           
E008          166.00 
E013           
F002 180.00          
F004      170.00     
F005a       186.00    
F006  197.00         
F012           
F013           
F015           
F016           
F019           
F021           
F022           
F023 69.00          
F025       44.00    
F027          172.00 
F029           
F030           
F032           
G005      186.00     
G006           
G010   167.00        
G012      221.00     
G013 142.00          
G017 228.00          
G018       171.00    




GRENADA AVERAGE ANNUAL GROUNDWATER ELEVATIONS (ft msl) 
Year 1975 1976 1977 1978 1979 1981 1982 1983 1984 1985 
A004           
A005           
A006           
A009           
A013           
A015     188.70      
B004     191.56   193.20   
B013           
B022           
B023           
B025b           
B028           
B035           
B102     216.56 213.48 215.47 220.10 216.58 212.97 
B103 193.21 186.28 196.73 193.13 196.28      
E002           
E008           
E013           
F002           
F004           
F005a           
F006           
F012           
F013           
F015           
F016           
F019           
F021           
F022           
F023           
F025           
F027           
F029    251.00 242.02   237.46   
F030     164.00      
F032      205.00     
G005           
G006           
G010           
G012           
G013           
G017           
G018           




GRENADA AVERAGE ANNUAL GROUNDWATER ELEVATIONS (ft msl) 
Year 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 
A004           
A005           
A006           
A009           
A013           
A015           
B004   192.80      190.95 187.52 
B013           
B022           
B023           
B025b           
B028           
B035           
B102 212.52 215.76 213.56 221.80 219.23  213.54 218.00   
B103           
E002           
E008           
E013           
F002           
F004           
F005a           
F006           
F012           
F013           
F015           
F016           
F019           
F021           
F022           
F023           
F025           
F027           
F029   231.50        
F030           
F032           
G005           
G006           
G010           
G012           
G013           
G017           
G018           




GRENADA AVERAGE ANNUAL GROUNDWATER ELEVATIONS (ft msl) 
Year 1996 1997 1998 1999 2000 2001 2002 2003 2004 
A004          
A005          
A006          
A009          
A013          
A015          
B004 195.06 189.36        
B013          
B022          
B023          
B025b          
B028          
B035       175.00   
B102          
B103          
E002          
E008          
E013          
F002          
F004          
F005a          
F006          
F012          
F013          
F015          
F016          
F019          
F021          
F022          
F023          
F025          
F027          
F029          
F030          
F032          
G005          
G006          
G010          
G012          
G013          
G017          
G018          




GRENADA AVERAGE ANNUAL GROUNDWATER ELEVATIONS (ft msl) 
Year 1915 1919 1938 1939 1942 1943 1944 1946 1947 1954 
G026           
G031           
H003     176.00      
H006 179.00          
H007  174.00         
H009    181.00       
H010    178.00       
H012       177.00    
H013           
H016     156.00      
H018           
H019  176.00         
H020     197.00      
H021     189.00      
H023      187.00     
H024      202.00     
H026     220.00      
H028           
H030         160.00  
H032           
H040     187.00      
H042     211.00      
H047           
H049           
H050           
H052        195.00   
H056           
H057           
H058           
H066           
H069           
H071     237.00      
H074           
H077           
H088           
H099           
H100           
H101           
H101a           
H113          228.71 
H121           
H125           




GRENADA AVERAGE ANNUAL GROUNDWATER ELEVATIONS (ft msl) 
Year 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 
G026           
G031           
H003           
H006           
H007           
H009           
H010           
H012           
H013  182.00         
H016           
H018       179.00    
H019           
H020           
H021           
H023           
H024           
H026           
H028 166.00          
H030           
H032      178.00     
H040           
H042           
H047      224.00     
H049      153.00     
H050      153.00     
H052           
H056        177.00   
H057        168.00   
H058         170.00  
H066           
H069     141.00      
H071           
H074           
H077           
H088           
H099           
H100           
H101           
H101a           
H113 228.37 227.68 226.59 229.26 229.35 229.80 229.28 230.93 228.99  
H121           
H125          189.00 




GRENADA AVERAGE ANNUAL GROUNDWATER ELEVATIONS (ft msl) 
Year 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 
G026          111.00 
G031           
H003           
H006           
H007           
H009           
H010           
H012           
H013           
H016           
H018           
H019           
H020           
H021           
H023           
H024           
H026           
H028           
H030           
H032           
H040           
H042           
H047           
H049           
H050           
H052           
H056           
H057           
H058           
H066   151.00        
H069           
H071           
H074       158.00    
H077     115.00      
H088        164.00   
H099           
H100           
H101           
H101a           
H113           
H121    209.00       
H125           




GRENADA AVERAGE ANNUAL GROUNDWATER ELEVATIONS (ft msl) 
Year 1975 1976 1977 1978 1979 1981 1982 1983 1984 1985 
G026            
G031            
H003            
H006            
H007            
H009            
H010        170.00    
H012     166.60   167.81    
H013            
H016            
H018            
H019            
H020            
H021            
H023            
H024            
H026            
H028            
H030            
H032            
H040            
H042            
H047            
H049            
H050            
H052            
H056            
H057            
H058            
H066            
H069            
H071            
H074            
H077            
H088            
H099     189.85       
H100   164.00  166.28   164.93    
H101   197.00         
H101a   198.00         
H113  232.28 231.27 231.06 230.08 230.56 229.98 230.81 232.61   
H121            
H125            




GRENADA AVERAGE ANNUAL GROUNDWATER ELEVATIONS (ft msl) 
Year 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 
G026           
G031   177.00        
H003           
H006           
H007           
H009           
H010   164.75        
H012   165.80        
H013           
H016           
H018           
H019           
H020           
H021           
H023           
H024           
H026           
H028           
H030           
H032           
H040           
H042           
H047           
H049           
H050           
H052           
H056          191.00 
H057           
H058           
H066           
H069           
H071           
H074           
H077           
H088           
H099   187.50        
H100   162.55        
H101           
H101a           
H113 230.53 238.15 231.11 238.13 237.45 231.52 238.10 231.07 230.69 230.65 
H121           
H125           




GRENADA AVERAGE ANNUAL GROUNDWATER ELEVATIONS (ft msl) 
Year 1996 1997 1998 1999 2000 2001 2002 2003 2004 
G026          
G031          
H003          
H006          
H007          
H009          
H010          
H012          
H013          
H016          
H018          
H019          
H020          
H021          
H023          
H024   203.59 202.47 201.48 202.70 202.70 204.39 204.63 
H026          
H028          
H030          
H032          
H040          
H042          
H047          
H049          
H050          
H052          
H056          
H057          
H058          
H066          
H069     81.00     
H071          
H074          
H077          
H088          
H099          
H100          
H101          
H101a          
H113  231.84        
H121          
H125          




GRENADA AVERAGE ANNUAL GROUNDWATER ELEVATIONS (ft msl) 
Year 1915 1919 1938 1939 1942 1943 1944 1946 1947 1954 
H127           
H134           
H136           
H141           
H144           
H146           
H147           
H149           
H150           
H154           
H155           
J010           
J030     259.00      
J060     263.00      
J061     255.00      
J062     331.00      
J064     269.00      
J065     257.00      
J066     257.00      
J067     273.00      
J068     256.00      
K003           
K014           
K016           
K017           




















GRENADA AVERAGE ANNUAL GROUNDWATER ELEVATIONS (ft msl) 
Year 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 
H127           
H134           
H136           
H141           
H144           
H146           
H147           
H149           
H150           
H154           
H155           
J010           
J030           
J060           
J061           
J062           
J064           
J065           
J066           
J067           
J068           
K003           
K014           
K016           
K017           




















GRENADA AVERAGE ANNUAL GROUNDWATER ELEVATIONS (ft msl) 
Year 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 
H127 185.00          
H134           
H136           
H141           
H144           
H146           
H147           
H149           
H150           
H154           
H155           
J010          244.00 
J030           
J060           
J061           
J062           
J064           
J065           
J066           
J067           
J068           
K003    260.00       
K014      194.00     
K016       267.00    
K017        255.00   




















GRENADA AVERAGE ANNUAL GROUNDWATER ELEVATIONS (ft msl) 
Year 1975 1976 1977 1978 1979 1981 1982 1983 1984 1985 
H127           
H134        173.00   
H136         280.00  
H141           
H144           
H146           
H147           
H149       181.00    
H150       178.00    
H154           
H155           
J010           
J030           
J060           
J061           
J062           
J064           
J065           
J066           
J067           
J068           
K003           
K014           
K016           
K017           




















GRENADA AVERAGE ANNUAL GROUNDWATER ELEVATIONS (ft msl) 
Year 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 
H127           
H134           
H136           
H141  211.00         
H144       204.00    
H146     181.00      
H147        172.00   
H149           
H150           
H154           
H155           
J010           
J030           
J060           
J061           
J062           
J064           
J065           
J066           
J067           
J068           
K003           
K014           
K016           
K017           




















GRENADA AVERAGE ANNUAL GROUNDWATER ELEVATIONS (ft msl) 
Year 1996 1997 1998 1999 2000 2001 2002 2003 2004 
H127          
H134          
H136          
H141          
H144          
H146          
H147          
H149          
H150          
H154       237.00   
H155        142.00  
J010          
J030          
J060          
J061          
J062          
J064          
J065          
J066          
J067          
J068          
K003          
K014          
K016          
K017          




Grenada Lake Stage (data from USACE, 2005).
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1954 181.25 194.95 195.98 194.63 203.43 201.12 194.65 192.95 192.22 191.92 191.96 192.47 
1955 196.36 195.06 203.52 219.87 221.17 218.85 215.97 212.53 200.80 201.42 193.75 193.93 
1956 193.19 206.10 208.67 212.38 214.24 210.83 208.31 205.46 201.34 198.06 193.16 195.68 
1957 199.50 205.87 214.11 215.61 212.64 209.83 213.20 209.36 204.41 196.77 204.73 218.81 
1958 214.96 210.24 206.04 206.13 218.37 218.06 214.28 209.36 203.92 201.86 199.68 193.08 
1959 194.38 201.61 207.00 207.32 208.17 209.75 207.14 196.25 196.41 194.99 193.33 199.06 
1960 209.22 211.14 215.19 214.25 212.90 209.86 205.10 201.99 200.20 199.18 194.19 193.35 
1961 197.53 199.41 217.27 224.57 222.83 219.44 216.19 212.19 205.78 196.11 200.40 215.91 
1962 224.57 226.34 226.85 226.34 224.46 222.43 218.09 213.40 207.74 193.09 193.44 191.24 
1963 192.01 193.66 201.93 205.27 208.76 208.83 209.77 211.12 206.70 198.97 193.90 195.49 
1964 198.68 200.85 213.03 221.85 225.88 221.93 217.35 212.10 205.14 203.47 197.65 195.74 
1965 196.43 202.79 212.72 216.09 213.12 211.22 206.96 203.72 201.80 194.40 193.13 193.02 
1966 193.24 204.82 210.50 208.32 211.46 210.52 207.41 204.33 201.51 197.65 193.00 193.25 
1967 193.20 194.02 198.62 200.43 205.35 206.84 207.05 206.53 203.79 199.25 193.94 201.94 
1968 219.22 219.08 215.98 219.55 222.84 222.68 218.10 213.81 211.60 207.47 202.40 204.84 
1969 206.32 214.54 214.45 222.64 223.73 219.97 215.63 211.77 206.90 200.45 195.66 199.21 
1970 212.04 209.61 214.84 214.18 225.71 222.85 219.05 215.58 211.11 208.01 205.96 200.21 
1971 262.38 208.20 216.97 219.04 220.58 217.98 213.32 211.15 205.27 195.13 193.47 196.82 
1972 209.53 208.55 210.94 212.93 216.36 216.96 216.24 212.97 208.12 201.18 199.27 206.96 
1973 217.07 221.90 226.84 233.14 233.66 230.83 227.56 223.57 219.15 213.51 207.32 209.52 
1974 219.07 225.25 220.88 219.57 222.36 227.33 225.50 220.44 216.35 208.39 199.05 199.10 
1975 211.64 213.86 218.78 224.48 224.10 223.76 220.45 218.37 212.37 207.47 211.24 211.45 
1976 211.83 211.58 214.36 219.40 218.57 216.80 214.37 210.76 206.79 200.82 194.65 193.81 
1977 200.72 202.69 214.12 220.51 219.50 216.16 213.78 213.47 210.54 207.31 202.66 210.67 
1978 208.61 209.96 211.41 212.70 218.96 221.59 219.31 216.14 212.38 207.24 199.49 194.15 
1979 209.73 217.57 219.64 216.05 227.25 226.54 224.97 221.94 218.48 214.78 210.93 216.03 
1981 193.46 195.52 198.26 202.83 203.37 205.46 206.04 205.81 206.04 205.02 199.88 193.32 
1982 195.72 194.23 197.68 210.66 217.28 217.48 215.52 214.27 212.92 210.72 207.31 220.16 
1983 231.27 233.76 233.08 233.15 234.05 233.71 230.75 225.26 218.08 209.82 201.60 219.14 
1984 219.25 213.83 209.49 210.55 217.72 217.70 214.57 212.75 209.98 208.43 210.79 206.86 
1985 196.45 200.19 198.98 200.43 204.89 205.33 205.04 206.41 207.12 205.06 200.49 195.83 
1986 193.19 194.64 198.52 202.04 202.69 209.44 211.61 210.96 209.04 204.68 205.96 213.33 
1987 207.05 201.75 209.79 208.79 209.56 210.29 210.27 209.79 208.62 203.78 198.86 193.90 
1988 194.77 194.54 198.07 204.85 206.20 205.64 205.14 204.75 204.84 204.28 199.46 195.36 
1989 207.69 210.94 218.62 218.81 219.17 224.42 229.68 227.95 223.01 220.71 216.24 206.92 
1990 203.10 214.10 218.04 215.87 216.96 218.34 215.55 211.84 206.72 204.30 198.03 198.98 
1991 211.97 210.17 222.81 228.15 236.43 234.51 230.39 224.97 217.80 207.37 197.45 210.05 
1992 198.41 196.32 200.54 203.23 205.19 205.79 207.13 207.53 208.23 204.79 200.08 195.14 
1993 194.39 196.53 199.81 209.71 214.00 214.47 214.22 214.51 210.62 205.49 199.68 194.02 
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1994 195.15 206.65 212.50 215.17 214.46 215.35 219.64 218.95 215.93 210.92 207.87 204.66 
1995 198.12 200.18 214.95 214.50 210.40 216.76 214.89 214.51 210.88 204.25 199.08 197.12 
1996 196.05 197.08 201.32 208.78 215.33 216.40 216.67 214.93 210.11 205.09 199.98 198.78 
1997 200.92 203.59 214.50 215.17 219.23 226.29 227.22 223.01 217.08 209.15 198.49 194.73 
1998 198.99 198.57 208.60 210.19 214.30 215.96 215.48 213.80 207.99 204.20 198.24 197.30 
1999 205.20 209.75 207.95 211.56 214.94 215.12 231.29 200.60 210.43 205.35 198.62 193.36 
2000 193.06 194.60 199.48 215.64 216.56 216.19 215.74 213.03 209.11 205.37 201.66 199.13 
2001 199.62 206.86 213.46 213.19 213.57 215.18 215.71 213.83 210.34 205.47 199.93 213.82 
2002 216.75 220.04 218.19 222.84 223.67 221.18 217.40 213.56 202.47 216.16 216.08 213.36 
2003 210.14 207.56 212.06 212.39 220.27 221.99 220.24 216.53 211.73 205.62 199.08 193.70 
2004 195.04 204.76 208.79 209.37 212.86 217.34 222.22 217.70 211.52 205.07 201.60 215.49 




Grenada Potentiometric Maps (data from MDEQ & USGS, 2005).
155 
 
 
156 
 
 
157 
 
 
158 
 
 
159 
 
 
160 
 
 
161 
 
 
162 
 
 
163 
 
 
164 
 
 
165 
 
 
166 
 
 
